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based on different gene regions, has revealed unclear relationships with other established 23 species, therefore, their phylogenetic position could not been determined so far. In this 24 study, the atypical pestivirus Th/04_KhonKaen was recovered from serum of a naturally 25 infected calf and the complete genome sequence was determined and analysed, as means 26
to define its position. The viral genome is 12 337 nucleotides (nt) long, and comprises a 5´ 27 UTR of 383 nt, a 3´ UTR of 254 nt and an open reading frame of 11700 nt, without 28 duplication of viral sequences or insertions of cellular sequences. The phylogenetic 29 analyses of the full-length sequence, performed by Neighbor-joining, maximum 30 likelihood, and the Bayesian approach, unanimously placed Th/04_KhonKaen in a single 31 lineage, distinct from the established pestivirus species, and close to bovine viral diarrhea 32 virus types 1 and 2. Furthermore, Th/04_KhonKaen and two previously reported atypical 33 pestiviruses D32/00_'HoBi' and CH-KaHo/cont formed a well-supported monophyletic 34 clade in trees based on the complete N pro and E2 gene regions. The finding provides 35 conclusive classification of the Th/04_KhonKaen virus and confirms the standing of the 36 bovine "atypical" pestiviruses as a novel pestivirus species. 37 38 39 40 41 Keywords: BVDV, genotyping, pestivirus, phylogeny, Th/04_KhonKaen 42 M a n u s c r i p t
Introduction 44 45
The pestivirus genome is a single-stranded, positive-sense RNA molecule, which 46 comprises two untranslated regions (UTRs) at the 5' and 3' ends, and one open reading 47 frame (ORF) encoding a large polyprotein. This polyprotein is co-and post-translationally 48 processed into 11-12 polypeptides in the following order: N-terminal autoprotease (N pro ), 49 capsid protein (C), envelope proteins (E rns , E1, and E2), p7, and non-structural (NS) 50 proteins [(NS2-3 (or NS2 and NS3), NS4A, NS4B, NS5A, and NS5B)] (reviewed by 51 Rümenapf and Thiel, 2008) . Recombination or point mutations in the viral genome have 52 been shown to correlate with induction of cytopatogenic effects (CPE) on cell culture 53 following infection with BVDV (Thiel et al., 2006) . Accordingly, two biotypes of BVDV 54 can be distinguished: the non-cytopathogenic (ncp), that replicates without cytopathic 55 effect, and cytopathogenic (cp), that leads to death of infected cells (Thiel et al., 1996) was proposed as a sixth pestivirus species (Schirrmeier et al., 2004) . Additional atypical 64 pestiviruses of bovine-origin have also been described, including: Brz buf 9, originally 65 isolated from a buffalo in Brazil; CH-KaHo/cont, a cell culture contaminant possibly M a n u s c r i p t -4 -originating from a batch of fetal calf serum produced in South America (Stalder et al., 67 2005) ; and Th/04_KhonKaen from a naturally infected calf in Thailand (Ståhl et al., 68 2007 ). All these pestiviruses were shown to be closely related to D32/00_'HoBi', based on 69 trees generated from the 5´UTR and N pro regions, however their final phylogenetic 70 classification could not be determined. 71
72
The Th/04_KhonKaen virus was first detected by ELISA tests and preliminarily 73 characterized by virus neutralization and partial sequence analysis of the 5' UTR (Ståhl et 74 al., 2007 The serum sample was obtained from a calf in a herd in Thailand. According to the 87 legislation in Sweden the sample had to be heat-inactivated at 56C for 90 min, therefore it 88 was no longer suitable for virus isolation by conventional methods. To recover virus, RNA M a n u s c r i p t -5 -was extracted from this sample using TRIzol Reagent (Invitrogen, Carlsbad, USA), and 90 purified with phenol-chloroform. The RNA was electroporated into BVDV-free bovine 91 turbinate (BT) cells in a cell suspension containing 1  10 6 cells, using a Bio-Rad Gene 92
Pulser Xcell electroporator. The cells were grown in Eagle's minimum essential medium 93 (EMEM) containing 10% horse serum, 1% L-glutamine, and 100 U/ml of penicillin and 94 100 µg/ml of streptomycin, at 37C in a CO 2 incubator. Confluent cells were split and 95 grown for four days. The cells were then frozen and thawed and the lysates were clarified 96 by centrifugation. The supernatants were used to infect fresh sub-confluent BT cells, as 97 performed routinely for virus propagation. After incubation at 37C for four days, total 98
RNA extracted from lysates of the cells was used to confirm presence of viral RNA with a 99 pan-pestivirus RT-PCR targeting the 5´ UTR. DNA sequencing is presented in Table 1 . The viral genome sequence, excluding the 5´and 142 3´ ends, was amplified in two overlapping fragments by PCR using primers TF1-TR1, and 143 TF2-TR2. PCR was performed in a 25-µl volume, containing 0.5 µM of forward and 144 reverse primers, 0.5 mM dNTP mix, 1.25 U of PfuUltra High-Fidelity or 2.5 U EXL DNA 145 polymerase (Stratagene, La Jolla, CA, WSA), 1 µl of cDNA, and 1  reaction buffer with 146 MgCl 2 . After initial denaturation at 92C for 2 min, a three-step cycling of 30 cycles was 147 performed with denaturation at 92C for 30 sec, annealing at 55C for 30 sec, and 148 elongation at 72C for 7 min. Following amplification, the PCR products were separated 149 on 0.8% agarose gels, and the designed band was excised from the gel and purified with 150 the Wizard SV Gel and PCR Clean-Up System (Promega Co., Madison, WI, USA). To determine the 5´and 3´ends, a GeneRacer Kit (Invitrogen, Carlsbad, USA) was used, 155
following manufacturer's instruction. In brief, the GeneRacer RNA oligo, and RNA oligo M a n u s c r i p t -8 -2 (Table 1) Table 2. 192 Multiple sequence alignment was performed with software BioEdit version 7.0.5.2 (Hall, 193 1999 ), using CLUSTAL W ( Thompson et al., 1994) . To avoid bias due to different 194 methods, phylogenetic analysis of complete genome sequences was performed with three 195 methods: Neighbor-joining, maximum likelihood and the Bayesian approach. were a Dirichlet prior for both substitution rates (Nst=6) and state frequencies (# states=4). 208
Rate variation across sites was modeled using a -distribution with a proportion of sites 209 invariable (rates=invgamma). The MCMC search was run with four chains for 2 000 000 210 generations, sampling the Markov chain every 1000 generations. The first 25% trees were 211 discarded as "burn-in". Each analysis was performed three times and a representative 212 consensus tree is shown in this paper. 213
214
In order to demonstrate the relationships among these recently described atypical 215 pestiviruses, sequences of the complete N pro and E2 coding regions from 64 pestiviruses, 216 corresponding to the GenBank accession numbers listed in Table 2 , were analysed with 217 the Bayesian approach. The same parameters applied for the full-length phylogeny 218 analysis were used. 219 performed. As shown in Fig. 2 (a and b) , all three atypical pestiviruses formed a 271 monophyletic clade strongly supported by bootstrap value and posterior probability. The 272 position of this clade in the tree of E2 gene was same as that of Th/04_KhonKaen virus in 273 the tree based on full-length sequence analysis. As in the tree of Figure 1 latter has been re-classified as BDV (Becher et al., 2003) . 284
285
In this study the complete genome sequence of the recently identified pestivirus 286 Th/04_KhonKaen was determined and analysed, aiming to establish the phylogenetic 287 positioning of this virus and to determine its relationship with known pestivirus species. 288
Following successful recovery of the virus from an inactivated serum sample, the genome 289 organization of Th/04_KhonKaen was shown to be reminiscent of that of an ncp 290 pestivirus, consistent with the recovery of a virus that did not induce CPE. The full-length M a n u s c r i p t -14 -nucleotide identity of the Th/04_KhonKaen with the recognized BVDV species is around 292 68%, which is close to the range of 69.5% that separates BVDV-2 from BVDV-1 (Table  293 3), motivating its discrimination as a distinct pestivirus species of bovine origin. M a n u s c r i p t E2  BDV  X818  NC_003679  g b  g  BD31  U70263  -c  -Reindeer-1  NC_003677  g  g  Bison-1  --AF144619  17385/00  --AY163658  Chamois_1  -AY738083  -Gifhorn  -AY163653  -CHBD1  -AY895008  -CHBD2  -AY895009  -466  -AY163650  -CB5 - -AF407339  HCLV  --AF091507  CSFV Ref  --NC_002657  SWH  -DQ127910  -0406/CH/01/TWN -AY568569  -Tunisian isolates  BM01  -AY453629  -Pestivirus of giraffe Giraffe-1  NC_003678  g  g  Atypical pestivirus CH-KaHo/cont -AY895011 EU385605 D32/00_HoBi -AY489117 AY604725 Th/04_KhonKaen FJ040215 g g A c c e p t e d M a n u s c r i p t 
